Dr J F Danielli (Buffalo, USA) asked whether Professor Ussing had not been assuming that all the cells in the skin had been behaving in the same way. Professor Ussing, in reply, said that they were probably not doing so. The apparent active transport of sucrose might well be due to some cells having become leaky owing to the hypertonicity. Dr Danielli said that the only thing he objected to was categorizing the cells which apparently did the wrong thing as being unhealthy. Professor Ussing suggested that the matter could be put in a different way. The cells on the outer border were being changed in some way. Apparently a different membrane was being changed in such a way that it could admit sucrose and other things, thus demolishing the filter which would normally keep sucrose and sulphate out, and thereby these molecules, in a way, got into the pump. How the sodium transport would then further the transport of other substances was a different matter. Dr Danielli asked whether it was possible that some of the cells were picking up the exterior medium by pinocytosis, and whether what was thus picked up was sorted out. Professor Ussing agreed that this was a possibility. The difficulty was that it had been tried with different molecules and it had been found that there was a sharp cut-off at about the size of the sucrose molecule. Much larger molecules were not subjected to this particular transport. Dr Danielli said that it looked, therefore, as though there were some sort of pore-sized sieve superimposed on a non-selective uptake. Professor Ussing agreed that the process might be something like that. Dr S P R Rose (Imperial College, London) asked whether Professor Ussing could amplify the statement he had made about the ATP-ase in this system, that it was located in the internal membrane and not facing the external surface. Professor Ussing, in reply, said that Farquhar & Palade (1964) had tried with cytochemical means to localize the ATP-ase, which seemed apparently to be located along all those faces of the cells facing the interspace system. A passive entry of sodium first took place, then the transport took place on the face towards the interspace system. Dr A E M McLean (MRC Toxicology Research Unit, Carshalton) observed that the dinitrophenol studies showed not only a cessation of inward pumping of sodium, but also a very great increase in the outward flux of sodium. This, he thought, showed that one could not take dinitrophenol as having only an effect on stopping the supply of energy. It had other effects. Professor Ussing agreed with Dr McLean. He would not use it as proof of the pump being energized by the phosphate if he had not had other evidence also. Dr P J Goodford (London Hospital Medical College) asked whether exchange diffusion was still a significant factor to be considered in membrane transport. Professor Ussing replied that as far as he knew the best example was the glucose exchange in red cells, which was actually ofthat nature. Dr T H Wilson (Harvard Medical School, Boston, USA) wondered whether it was possible that the chloride exchange which occurred in all cells was by way of a highly specific membrane carrier and not by passage through a non-specific area itself. Professor Ussing agreed it was possible that such a system existed, but it was not a 'must' for cells to have chloride going through a certain channel.
Professor W F Widdas (Bedford College, University ofLondon) Passive Exchanges
Passive exchanges between cells and their environment depend on membrane permeability properties which do not rely directly on the expenditure of metabolic energy.
The passive permeability of plant and animal cells has long been recognized to be a function of lipid solubility and molecular size. Increasing the number of hydrophilic groups in a molecule results in a marked decrease in penetration rates and most cells are impermeable to hexahydric alcohols. Such molecules, e.g. mannitol, are therefore useful as extracellular markers or as diuretics.
On physicochemical grounds sugars would be classified with the polyhydric alcohols, but, associated with an important physiological role, there appears to be a special permeability towards sugars which, although passive, has characteristics differing from those of simple diffusion. Such permeabilities have aroused great interest and wide studies have been made of their properties. Many of these permeability characteristics have been elucidated through studies with red cells, chiefly from human blood, and it is to these that reference will be made in this article.
The movement of glucose into or out from human red cells results in osmotic volume changes which can be followed photoelectrically. A kinetic analysis of glucose penetration shows that the net entry of sugar is faster at low concentrations and that the rate of penetration falls off rapidly as the concentration is raised (Ege 1919 , Wilbrandt et al. 1947 ). This, and kinetic studies of glucose loss from cells, has pointed to the transfer depending on a saturable process, and it is now generally agreed that a basic requirement of this type of passive permeability is a reversible chemical reaction between glucose and some component of the cell membrane (LeFevre 1948 , Widdas 1952 , 1954 .
The working hypothesis has been that the component and complexes can alternate between the two sides of the membrane and that an equilibrium exists between the membrane component and complexes and glucose in solution outside and inside the cell. The transfer is given by an equation such as:
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-_ LCO++ CQ+#J where K is a parameter defining the maximal transfer possible if components on one side are fully saturated with glucose and those on the other side totally unsaturated. The parameter k is the half-saturation constant and depends on the rate constants for the association and dissociation of complexes, but it is also influenced by the rate constant for the movement of complexes and components between the membrane interfaces.
Methods for determining the parameters of transfer have been developed and it has also been possible to study the effects of temperature on these (Sen & Widdas 1962). The results suggest that, at 37°C, the movement of components and complexes is the most probable rate-limiting step. However, the dissociation of complexes requires the largest activation energy and consequently has a higher change per 10°C rise (Q%o). As the temperature is lowered, the relative magnitudes of the rate constants contributing to the transfer parameters undergo a change which makes their temperature dependence complex (Dawson & Widdas 1964) .
Radioactive 14C-glucose exchange studies yield maximal transfers which are about threefold those obtained by osmotic techniques. It has therefore been suggested that the rate constants for the movement of membrane components and their glucose complexes are different (Britton 1956 , LeFevre& McGuinniss 1960 , Harris 1964 , Levine et al. 1965 .
The facilitated transfer of glucose can be inhibited by various types of reagents. Heavy metal ions and organic mercurials produce an inhibition which can be reversed by excess cysteine. Cells incubated with either 1-fluoro, 2-4 dinitrobenzene (DNFB) or N-ethyl maleimide (NEM) become irreversibly inhibited.
The uptake of DNFB labelled with 14C-glucose can be correlated with the inhibition produced but, since many cell components react with such reagents, the results cannot be used to estimate the concentration of components responsible for the facilitated transfer of glucose.
Phlorrhizin, its aglycone phloretin and several other diphenols are competitive inhibitors. LeFevre (1959) has suggested that the inhibitory action depends on the separation of the two terminal phenolic hydroxyls, a distance of over 13 A being optimal.
In addition to competition from diphenols, the monosaccharides compete with one another for the transfer process. One consequence of this competition, predicted on kinetic grounds (Widdas 1952) , is that one sugar may be caused to move against its concentration gradient if an appropriate gradient in a second sugar is created. This phenomenon, shown by Park et al. (1956) and by Rosenberg & Wilbrandt (1957) , has been termed 'uphill transport induced by counterflow' by the latter authors.
Inhibitor and competitive studies confirm the involvement of a reversible chemical reaction, but uphill transfer by counterflow and tracer exchange studies also corroborate the hypothesis that the components and complexes are mobile.
The membrane components involved in the transfer process may be protein or lipid or may involve both. Stein (1964) has examined proteins differentially labelled with DNFB in inhibited cells. The presence of labelled DNFB has also been observed in lipid-soluble fractions (Forsling et al. 1964 ) and DNFB has been shown to depress the effect which red cell lipids have in promoting the solubilization of glucose in non-polar solvents (LeFevre etal. 1964) .
It is hoped that the isolation and identification of the components concerned will throw greater light on the underlying mechanism of this special type of passive exchange and will clarify a number of outstanding kinetic anomalies. Dr S P R Rose (Imperial College, London), referring to the detection of bound and free intermediates in the membrane system, asked whether these systems were extracted directly or first precipitated with trichloroacetic acid, and whether Professor Widdas looked for incorporation into fractions other than lipid fractions. Professor Widdas replied that the answer to the first question was no, their method was to extract straight with the lipid solvent. The answer to the second question was also no. He had not done any experiments looking at protein fractions, but this had been done by Stein (1964) at Manchester. Stein had tried to label inhibited cells differentially by different concentrations of isotopically-labelled DNFB and had looked at where the label appeared, and he had looked at the protein fractions. Dr F J Danielli (Buffalo, USA) said that Stein had brought forward some evidence of the carrier combined with two glucose molecules rather than one, and asked for comments on this. He also asked what contribution the entropy term made to the transition state in determining the rate at which passage across the membrane occurred. The activation energies quoted had been fairly high. Professor Widdas replied that the question whether one or possibly two molecules of glucose reacted with the component had been started off by Stein, but Wilbrandt & Kotyk (1964, Arch. exp. Path. Pharmak. 249, 279) had also done experiments in which they claimed to have evidence for this. Professor Widdas himself kept an open mind about it; he felt it was one of the things which isolation of the complex might help to solve.
Regarding the second point, Professor Widdas thought that the entropy terms must be considerable because, although the dissociation of the complex was given a high activation energy, it must be assumed that it was going on at a fast rate at 37°C, and therefore it could be presumed that there must be some entropy factor which was helping it to work at this rate. But there were difficulties in that they had not been able yet to measure the rate constants by a more direct method. If that could be done, it would be a great help. Dr Hugh Davson (University College, London) asked whether there was evidence of an optimum temperature in any of the studies on the effect of temperature. He felt that the carriers behaved rather like enzymes which have quite well-defined optimum temperatures and pHs. Professor Widdas replied that they had studied the pH effects between values of about 6 and 8. There was a small change with pH but it did not amount to a definite maximum. Regarding temperature, it depended to some extent on what one was looking for.
If one was simply transferring sugar across a cell membrane as a substrate, it was ideal to work somewhere near the half-saturation constant, which at 37°C was about 72 mg/100 ml; this was not very far removed from the blood sugar concentration. One could feel, therefore, that transfer would be efficient at 370C.
In the fnetal guinea-pig, where this optimal value of the half-saturation constant was maintained down to a much lower temperature than in human red cells, it was not known whether it was related possibly to the adaptation of these animals to withstand subnormal temperatures e.g. immediately after birth. Diffusion potentials result from alteration of the ionic content of the fluid in contact with the epithelium without necessarily altering the osmolarity. They can be observed by replacing the NaCl in the bathing solution by mannitol, and are presumably due to differences in the concentration of ions on the two sides of the luminal membrane and differences in the permeability of that membrane to different ions. Streaming potentials, shown in the intestine by Smyth & Wright (1966) , are the result of changes in osmolarity of the fluid bathing the epithelium and are related to flow of fluid through the epithelium. On account of the small diameter of the pores through which fluid moves, these streaming potentials are not necessarily analogous to the streaming potentials associated with the Helmholtz double layer, and it would be perhaps better to call them osmotically induced potentials until we know more about their precise causation. Dr P Kohn (personal communication) has suggested that a possible origin might be changes in intracellular concentration of ions due to the fluid movement. Transfer potentials are the main subject of this paper. They were observed (Barry et al. 1961 , Barry et al. 1964 in vivo in the rat intestine when glucose was added to the fluid in the intestinal lumen and in vitro when glucose was added to fluid bathing the epithelium (the mucosal fluid). The magnitude of the potential is about 10 mV, the serosal side of the intestine being positive to
